
REPORT 1308 J

INVESTIGATION OF THE “COMPRESSIVE STRENGTH AND
CREEP LIFETIME OF 2024-T3 ALUMINUM-ALLOY

PLATES AT ELEVATED TEMPERATURES ‘

By ELDON E. M.ATHAUSER and WnXJAM D. DEVWKIS

SUMMARY

The meu.h%of elemted-kwpercdure compremive strength and
creep tw% of $20.24-Tt9(formerly f!4S-Z9) abuminumdoy
plda supported in V-groovesare presented. The stwngth-kxt
rewdti indkaie that a relti”on previcwly developedfor predict-
ing pk!e cornpremive8trengthfor pku% of a?l maierid ti
room temperature ~ &o 8ai5kjactoryfor determining ekvated-
temperaturestrength. (%eep-lijetime r& are pr.wmtd for
plata in h jorm oj muster Creep-lijeiime cw-ve8 ~ wing a
time-tmperdwe parameter tW 2%convenientfor wmmurizing
tensile creep-rupture ti. A comparison is made between
tentie and camprew-ivecreep lijetime for the pti and a
rw?lwd thut mukes we of i.sochronousatreswtrain curw jor
predicting p?ate-creepfailure stres8e8ia inoedgated.

INTRODUCTION

Since plates are one of the most important load-carrying
components in the structure of an aircraft, an understanding
of their elevated-temperature strength and creep behavior is
becoming increasingly important.. At the present time vexy
little published information (ref. 1) is available on the experi-
mmtal maximum strength of plates at elevated temperatures
and no data have been found on experimental creep behavior
of such members. The purpose of the present investigation
was to obtain experimental data on both compressive strer@h
and creep lifetime of 2024-T3 (formerly 24S-T3) akninum-
rdloy plates at elevated temperatures. In this study plates
of width-thickness ratios ranging from 20 to 60 were tested to
determine maximum compressive strength at temperatures
ranging from room temperature to 600° F. Creep tests -were
made at 400° F, 450° l?, and 500° F with a similar range of
width-thickness ratios. In all tests the unloaded edges of
the plates were supported in V-grooves.

The results obtained in the compressive-strength tests are
analyzed to determine whether a materials parameter, shown
previously to be applicable for correlating room-temperature
plate strength with material properties (ref. 2), is also appli-
cable at elevated temperatures. Several methods are explored
for presentation of the plate-creep test results including a
time-temperature parameter that is convenient for summariz-

ing tensile creep data. The use of isochronous stress-strain
curves derived from plate-creep curves for estimating stresses
that produce cxeep failure is investigated.
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SYMBOES

materkd creep constants
width, in.
constant
base of natural logarkhms , ‘
Young’s modulus, ksii
secant modulus, til
thiclulesa, in.
temperature, “F
absolute temperate, ‘R
abbreviation for room temperature
strain
unit shortening
unit shortening at maximum (failing) load
strw, ksi
avertuge stre9s, ksi
0.2-percent+offset compressive yield stress, MI
average stress at mkrnum (failing) load, ksi
time, lir
failure time, hr

SPECIMENS, EQumMENT, AND PROCEDHS

The plate specimens were machined from a l/16-inch-thick
2024-T3 ahuninum-alloy sheet. All platea were 20.00 inches
long. Four different viidths were seIected which yieIded
nominal width-thickness ratios o E20, 30, 45, and 60. Speci- .
mens for det wmining the comprwsive stress-strain properties
of the material were also machined from the same sheet.
These specimens were 1.00 inch wide and 2.62 inches long.
The length dimension of each specimen was oriented parallel
to the grain direction of the sheet.

The plate specimens were tested in the V-groove iixture
shown in figure 1. This type of support was selected because
strength tests of plates supported in V-grooves and tested
at room temperature showed good correlation with experi-
mental plate strengths obtained from stiffened panel tests.
(See ref. 2.) Shortening of the plates in the compressive
stiength and creep tests was determined by measurement of
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FIGURE l.—V-groove iixture

the relative motion between the upper and lower loading
surfaces. This relative motion was transferred by rods to
linear vmia.ble diilerential transformers and recorded auto-
grrbphicdly. (See fig. 2.) In the compressive strength tests,
unit shortening was recorded against load; in the creep tests,
ngainst time.

The furnace, loading, and recording equipment used in
these tests are shown in figure 3. During the tests, the
temperature of the specimen was obtained at five equally
spaced stations on the longitudinal center line of the plate
with the aid of an automatic temperature recorder and iron-
constrmtan thermocouples fastened by spring clips. The
temperature of the plates was maintained within + 5° F of
the test temperature.

The plate specimens were alined in the V-groove supports
and the furnace closed before heating began. Approximately
1 hour was required to heat the specimen to the test tempera-
ture. For both the compressive strength and meep tests,
the specimens were exposed to the test temperature for x
hour prior to application of load, with the exception of some
specimens tested at 400° F to determine strength after longer

FIGURE2.-Plata tat equipmentinaludingV-groove tlxturo,dend-lend
apparatue, upper and lower hated rune, and instrumentationfor
obtaining piate shortening.

I?nmJRE3.—Test Equipment.
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osposure times. In the creep tests the applied load was
maintained on the specimen until collapse occurred provided
that failure occurred within 6 hours. Collapse was asso-
ciated with a sudden drop of the weight cage on the arm of
the dead-load apparatus (fig. 3). When collapse did not
occur in this period, the specimen was unloaded and cooled
to room temperature. The creep test was resumed the next
day for an additional 6-hour period; however, for this cycle,
the ~-hour esposure period was omitted. This procedure
was continued until creep wdlapse occurred.

In the compression stress-strain tests, the furnace was
heated to test temperature prior to insertion of the speci-
mens into the support fixtures. The specimens were thm
exposed to the teat temperature for either %, 1, or 2 hours
prior to loading. The rate of loading was controlled to
yield a strain rate of 0.002 per minute in all tests. For
longer exposure times, ranging horn 6 to 100 hours, the
specimens were heated at test temperature for the desired
exposure time and then cooled to room temperature. These
specimens were subsequently reheated to the test tempera-
ture prior to testing.

RESULTS AND DISCUSSION

COMPEE!9SIVESTRENGTH TESTS

Experimental data.— Data obtained in the compremive-
strength tests are plotted as the variation of average stress
with unit shortening in figure 4. Results are shown for
temperatures ranging from room temperature to 600° F.
The exposure time at the elevated test temperatures w= %
hour for these results. These results as well as the results
of some tests made to determine the effects of longer exposure
times on compressive strength are listed in table I. Com-
pressive stress-strain curves for j4-hour exposure at the
elevated test temperatures are included in figure 4 and are
labeled as U–C.

l?or the plates with width-thiclmess ratios of 20 and 30, the
buckling stresses and maximum compressive stresses were
approximately the same. Elastic buckling occurred for
plates with width-thickness ratios of 45 and 60 at all test
temperatures except at 600° F and considerable shortening
occurred after buckling before mtium load was obtained.

The average stresses at maximum load for j&hour exposure
obtained in the compressive-strength tests are plotted in
figure 6. Predicted strengths of the platea for a similar
range of temperatures and exposure times are shown by the
curves. The method used for predicting plate strength is
discussed in the next section. Several plates of each width-
thickneas ratio -were tested at room temperature and 400° l?.
The results at these two temperatures give an indication of
the scatter that can be expected in the data at the other
temperatures. The increase in compressive strength pro-
duced by artificial aging of the aluminum alloy accounts
for the increased strength of the plates in the vicinity of
400° 1?.
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TABLE I.—PLATE COMPRESSHYEXTRENGTH TEST
RESULTS

Plate

;
3
4
5

!

:
10

11

;;
14

15
16
17
18

%
21
22
23
24
2s
26
27
28
29
30
31
32
33

34
35
36
37

38

%
41

42
43

2

T, “F

Roonl

%%
Roam
Room
Room

%%
Rmm
Room

300
300
300
300

350
350
350
350

400
400
400
400
400
400
400
400
400
400
400

::
400
400

450
460
450
450

500
500
500
500

600
600
600
600

m&)w#!
J-

bjt

19.6
19.8
30.0
29.9
449
45.2
45.6
60.0
60.6
60.0

20.2
29.8
45.1
59.7

19.9
29.8
44.5
59.4

19.9
ml
29.9
30.1
45.7
448
45.4
60.0
59.9
59.2
20.1

%;
20.0
20.0

20.0
29.6
444
59.4

19.9
29.6
446
59.7

19.9
29.7
449
60.1

Uf, kei

45.8
47.6
33.8
346
21.6
224
22.1
la 6
la 4
la o

43.0
33.8
21.5
17.8

43.7
34.0
22.2
19.0

45.1
45.3
33.5
31.8
2L 3
20.2
20.3
16.8
16.8
16.8
50.4
45.4
45.4
45.3
3&7

41.6
33.7
21.8
17.1

35.2
27.4
I&o
146

17.7
15.0
122
9.8

0.00770
.00750
.00336
.00368
.00430
.00480
.00465
.00370
. 003s2
.00420

.00715

.00386

.00330

.00375

.00766

.00406

.00355

.00380

. p)log

.00375

.00382

.00445

.00463

.00438

.00355

.00410

.00452

.00785

.00628

.00665

.00676

.00620

.00646

.00419

.00324

.00310

.00726

.00393

.00319

.00290

.00529

.00304

.00213

.00160

Prediction of compressive stiength of plates, —When the
compressive strength of pint es at elev’ated temperatures was
determined, use was made of a material param&r developed
in a previous study (ref. 2) for correlating plate compressive
strength with material properties. The results of that
study indicate that, if the aver~~e stress at maximum load

is divided by the material parameter (defined as - and
if this quantity is then plotted against the tbiclmess-width
ratio of the plate, a single curve will be obtained for plates
of all materials. A plot of this type is shown in figure 6
where the symbols with tick marks indicate room-tempera-
ture strength tests of plates of several different materials
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FI~URD5.—C%mwrkon of emerimentnl and predicted comprc8eive-
strength re$ml~ for 2024-T3 aluminum-rdl-oyplatea for- jf-hour
esposure at elevated timperat=

reported in reference 2 and the symbols without tick marks
indicate elevated-temperature strength tests of 2024-T3
aluminum alloy obtained in the present investigation.

Since both the room-temperature and elevated-tempern-
ture plate-stiength test results lie essentially along the same
stiaight line, the following relation is suggested for obtaining
maximum plate strength for all materials at either room or
elevated temperatures:

(1)

The seeant modulus E, is associated with the average stress
at maximum load and is evaluated from the compressive
stress-strain curve corresponding to the test temperature and
exposure time. The value of O is determined from the slope
of the straight line (fig. 6) and is equal to 1.60.

The data presented in figure 6 indicate that equation (1)
will in most eases predict satisfactory vakw for maximum
plate strength since most of the deviations from the straight

line are small The quantity Z appears to be a satis-
factory material parameter for correlation with maximum
plate strength and permits the determination of the maxi-
mum compressive strength of plates for all materials at either
room or elevated temperatures. Only the material compres-
sive stress-strain curve at the appropriate temperature and
exposure time is required.



COMPRDSSIV13STRENQTH AND CRJ3EPIJFETME OF 20244’3 ALUMINUM-ALLOY PLATES 641

.10

(
.08

p

&

\
b .06

.04

.02

0

——

Term%“F for 2024-13

Plates at room tam [ref. 2) otumimxwolby Pbts

O_ FS-lh magnesium alloy o RT.
~ ~24-m olum”nurn olby n X)o
& 2014-T6 aluminumalloy 0350
A 7075-T6 aluminumalloy A 400
y 18-8-VIH stainless steel (with groin) v 450
b 18-8-W4H sfainksssteel(cross groin) D600
4 Sta-mks W steel a 600

>
~b

Y

bb

A

/

/
I/60 I/45 VW 1/20

1 I I I
[

.0 I .02 .03 .04 .05
Tlickmsss-width mtio, t/b

FIGURE 6.—Correlation of plate strengthswith material propertka at
room and elevated temperature.

The stress-strnin curves-shown in figure 7, obtained from
teats of the 2024-T3 aluminum-alloy sheet at the indicated
test temperatures, were used for predicting maximum com-
pressive strengths of the plates and for reducing the test
data for the plates into the form shown in figure 6. The
additional curves given in figure 8 show the effect of exposure
on the compressive stress-strain properties at three temper-
atures. These curves were used to predict plate compressive
strengths at diflerent exposure times. The results are dis-
cussed subsequently in conjunction with creep-test results.

CREEP TIHTS

Creep curves,-l?igure 9 shows typical unit-shortening
results obtained in the plate creep tests at 4000 F, 450° F,
and 500° F. The specimen designation, the applied stmas,
and the ratio of the applied stress to the stms.s that would
produce immediate failure upon loading are shown. A
summary of the creep-test results for all plates is given in
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I?IGH 7.— COmpr*ve stre&+strainresults for 2024-T3 aluminum-
elloy sheet for ~hour espasureat elevated temperatures.
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table H. The applied stresses in the creep tests for width-
thiclmesa ratios of 20 and 30 were less than the calculated
buckling stresses. During the tests, buckles appeared grad-
ually and continued to incresse in depth until collapse
occurred. For width-thiclmes.s ratios of 45 and 60, the
applied stresses were greater than the calculated buckling
stresses (with the exception of pl&te 93). The buckles pro-
duced upon loading continued to increase in depth gradually
during the creep tests for these plate proportions until failure
occurred. The appearance of the plates after failure in the
creep tests indicated no visible difhrence from plates tested
to determine maximum compressive strength.

The results of figure 9 indicate that in some cases creep
failure occurred at values of unit shortening comparable
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Fmmm 9.—Continued

with the unit shortening Zf obtained at maximum load in tho
compressive-strength tests shown in figure 4; however, somo
of the specimens failed at an appreciably larger value of
shortening. Thus, shortening obtained at masimum load
in the compressive-strength teats does not establish tho
magnitude of the shortening at which failure maybe expected
in creep te+ts; however, in all cases, failure of the platea did
not occur until after ZJhad been obtained in the creep teats.
Comparable results were also obtained for plates tested in
6-hour intervals.

An example of the results obtained from plates tested for
6-hour periods until failure occurred is shown in ilgu.re 10.
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The tick marks indicate the duration of each test period.
The creep curves appear as continuous curves and therefore
the assumption can be made that the results for these plates
are comparable with those obtained from continuous tests.
Further evidence to substantiate this awmmption is pre-
sented in a later section entitled ‘(Comparison between ten-
sile and compressive creep lifetime.”

Lifetime results,-Perhaps the most significant information
obtained from the creep tests is the lifetime. lifetimes ob-
tained from the tests at 400° l?, 450° l?, and 500° 1? axe
plotted in figure 11. Line9 representing an average of the
test results have been drawn through the data for each

TABLE 11.—PLATECREEP TEST RESULTS

Plate

46
47
48
49
50
51

52

E:
55

66
67
58
59

60
61
62

63
04
65
66
67

68

%

71
72
73

74
75
76
77

78
79
80
81
82

83
84
85
86
87

::

91
92
93

T, “F

400
400
400
400
400
400

400
400
400
400

400
400
400
400

400
400
400

450
460
450
460
450

450
450
460

450
450
450

450
460
450
450

500.
500
500
500
500

500
600
500
500
500

500
500
500

500
500
500

19.9
20.0
20.2
19.6
20.0
19.9

29.6
29.8
29.6
29.8

46.2
46.0
45.0
45.0

60.6
59.3
69.4

20.1
19.9
19.8
19.9
19.8

30.2
29.6
29.7

45.1
46.2
4?L7

60.0
59.6
60.3
59.7

20.0
20.0
19.9
19.8
19.9

29.8
29.7
29.5
29.7
29.9

46.0
44.8
45.0

60.0
59.9
60.0

;, hi

43.8
40.4
39.1
37.2
37.2
315

32.2
31.7
30.0
27.0

20.2
20.0
19.6
18,4

16.0
15.8
14.4

35.6
34.4
33.2
31.2
27.0

28.0
26.0
21.0

la o
17.0
144

15.0
145
13.4
10.2

2& 9
26.3
23.8
22.4
14.3

240
22.5
20.0
15.9
12.2

13.7
11.5
9.2

lL 5
10.5
8.1

0.970
.895
. 86S
.823
.823
.697

.988

.973

.920

.828

.981

.972

.947

.894

.953

.941

.857

.856

.827

.798

.750

.650

.831

.772

.624

.%%

.660

.878

.784

.596

. %

.677

.636

.407

.877

.821

.730

. L?

.761

.639

.511

. %

.555

1.38
3.40
3.69
4.58

3::

3.23
4.21
5.58

13.67

3.93
2.63
&56

1218

& 46

1: E

;%
2.01
5.46

17.60

L 01

& =

2.28
3.72

15.43

1, 32
L 15
3.09

3885

0.96
1.63
3.43
7.65

60.40

1.06
L 11
%28
8.66

30.63

3.49
9.15

34.10

L 09
4.01

1492

width-thiclmess ratio. On the vertical sxes. the svmbols
with tick marks indicate the maximum s~ength “of the
plates determined from the compnmsive-strength tests for
&hour exposure. The relatively small amount of scatter
in these data at sll teat temperatures indicates that creep
lifetime of the plate is not sensitive to initkd imperfections
since no attempt w-asmade to control these imperfections in
selecting the test specimens.

Comparison between tensile and compressive creep life-
time.-A comparison between tensile-rupture time of 202&T3
aluminum alloy and creep-failure time for plates is made
in figure 12. The symbols indicate creep-lifetime results
for plates with width-thickness ratio of 20 at 400° F, 450° F,
and 500° F. The curves show tmsile cree~rupture data
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FICiUED11.—CreetIlifetime reulta for 202-4-T3aluminum-alloyplats.
(On the vertical-axis,the symbols with tbk marksindicate the maxi-
mum comp-ive strengthof the plates after ~hour exposure to
test temperature.)

for the material obtained from the literature. (See, for
example, ref. 3.) Since fill test points lie close to the cor-
responding tensile creep-rupture curves., it appears that a
plate with a width-thiclmess ratio of 20 will support a given
tensile or compressive stress for nearly the same time. This
resuh suggests that plates of other materials with low
values of width-thickness ratios ma,y SJSOhave approxi-
mately equal lifetimes at a given stress for either tensile
or compressive loading. For 2024-T3 aluminum alloy,
the implication of this result is that members such as box
beams having equal-thickness cover plates with width-
thickness ratios of 20 -will be of nearly balanced design in
the rarge from 400° F to 500° F; that is, the tension and
compression eovera will have approximately equal resistance
to creep failure. This result has been veriiied experimen-
tally from creep tests of three box beams tested at 375° F
and 426° F (ref. 4). Two of the beams failed in tension and
one failed in compression.

All results shown in figure 12 for failure time greater than
6 houra were obtained from tests performed in 6-hour inter-
vals. These data show deviations from the tensile-creep-rup-
ture curves similar to the data obtained from the continuous-
creep tests. These results therefore indicate that the creep
data obtained from tests performed in 6-hour periods may
be expected to approximate closily data that would be
obtained from continuous tests of similar duration. Results

(b) I I I I I 1 I I I I I I I I
5 10 50

Tim% Y, hr

(b) 450° F.

FIGUREll.—COntinuedo
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FIGUREIl.—Concluded.
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FIGUIU312.—timparieon of tensile and plate compressiv~creep life-
time. b/t-20; 2024-T3 aluminumalloy.

given in the literature on the effects of cyclic load-tempera-
ture histories on the tensile-creep behavior of aluminum
alloys also substantiate the previous results obtained in
the plate-creep tests. For example, referenm 5 indicatea
that tensile-creep specimens subjected to load-temperature
histories comparable with the plate-creep test conditions
would produce no sign&ant effect on the creep-rnpture
time for the material compared with lifetime obtained from
continuous load-temperature tensile-creep tests.

Master oreep-lifetime curves.-Inasmuch as the plate-
creop test results for 6/t= 20 shown in figure 12 parallel
tensile creep-rupture data, the use of a time-temperature
parameter is suggested for presenting all the plate creep-
Iifckime results.. One of the time-temperature parametm
available in the literature (ref. 6) was used for plotting the
test data as shown in figure 13.

Stress is plotted against the time-temperature parameter
2?B(17+log10r.J where T. is temperature in “R, 17 is a
material constmt, and 7= is failure time in hours. Plate
creep-lifetime results obtained for the three test tempera-
ture and four plate proportions are shown. Curves drawn
through the plate-creep data indicate an average value of
the test results. Tensile creep rupture for the material is
indicated by the dashed curve.

The test data for each b/tappear as a continuous curve
and indimto that the time-temperature parameter may
be useful for presenting results from exeep tests of struc-
tures as well as materia& For b/t=20, the re9ult9 appeax
near the tensile-rupture curve and again indicate that a
plate of this proportion will support a given tensile or eom-

‘“m
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m=
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\ \

\
40

! Tensile mture

TTRa

Time-temperotum porom~er, Tj(17+ 10gIo7W)

FIGURE13.—Master meep-lifetimecurves for 2024-T3 aluminum-alloy
plates.

preasive stress for nearly the same time. For the oth&
values of b/t at a given stress, the plates will fail sooner in
compression than in tension.

This type of plot is convenient for estimating stwss-
temperature-time combinations that will produce creep
failure of 2024-T3 a.hrminum-alloy plates. The results at
one temperature overlap those obtained at the other tem-
perature and thus interpolation is justified. However,
mtrapolation of the plate-creep data outside the range of
temperature and times covered by the tests should not
be attempted until additional test data are obtained.

Comparison of compressive strength and creep strength.—
The predicted, maximum compressive strengths of plates
ewposed to elevated temperatures for times ranging from 1 to
100 hours prior to application of load are EJIOmnin figge
14. In addition, stresses that produce either 0.2-percent
permanent shortening or creep failure in the same range of
times are also ineluded. The compressive strengths for
diflerent exposure times were determined from equation (1)
and the material s@ess-stiain data given in figure 8. ~eri-
mental verification of the predicted mtium compressive
strength for b/t =2o at 400° F was obtained for several
exposure times horn tests listed in table I. The creep-
Lifetime curves are reproduced from figure 11 for eaeh value
of width-thiokness ratio and the curves defining the stresses
that produce 0.2-percent permanent shortening in a given
time were obtained horn the plate-creep curves shown in
figure 9.

The results given in figure 14 indicmte that stresses which
produce creep failure of plates within 1 to 100 hours range
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from 55 to 95 percent of the maximum strength of the plates
for esposure times at elevated temperature corresponding
to the creep lifetime. The differences between the stresses
that produce creep failure and stresses that produce 0.2-
percent permanent shortening in the same time are small,
especially for b/t values greater than 20. For example, for
6/t=30, creep failure occurred at approximately 0.2-percent
permanent shortening. For b/t=20, creep failure occurred
at approximately 0.4-pem3ent permanaut Shorten&m.

The curves indicating maximum compressive strengths for
variow exposure times appear in most case9 h parallel the
creep-lifetime curves. Such results may be csrpected only
with mat eria.ls like 2024-T3 aluminum alloy since many
structural ~aterials do not exhibit a pronounced decrense in
compressive strength due to prolonged exposure at elevated
tempwatures.

PREDICTION Ok’PLATE-CREEP LD?ETIME

Compressive oreep curves.-When creep lifetime of plates
is predicted by the method described later in this section,
the compressive-creep properties of 2024-T3 aluminum alloy
must be known at temperatures corresponding to those
selected for the creep tests. It is assumed in the present
report that compreshw-creep propertie9 of the material can
be obtained approximatdy from the plate-creep curves for
b/t=20 shown in figure 9; that is, the portions of the plate-
creep curve usually designated as primary- and secondary-
creep staga in material creep tests are assumed to define
the compressive-creep behavior of the material. This as-
sumption is made because the applied stressw in the creep
tests were less than the plate-buck@ stresses for li/t=20
and the specimens were considered to be relatively free of
initial imperfections. .Thus, shortening obtained in the initial
portion of the plate-cxeep tests for b/t=20 willapproximate
material creep behavior independent of structural action.

If it is assumed that the primary- and secondary-creep
stages for the plates can be expressed in the following form:

(2)

and the constants A, l?, and K are evaluated from the plate-
creep curves, creep behavior of the material is then defined
at any time for all values of stress. The creep expr~ion
(eq. (2)) and the method for evaluating the creep constants
A, B, and K are given in reference 7. These material
constants were evaluated from the plate-creep curve9 for
b/t=20 at the three test temperatures and are plotted in
figure 15. An example of the creep curves that are detied
by equation (2) is given in figure 16. These curves approxi-
mate the fit and second creep stages for plates with width-
thickness ratios of 20 at 400° l?.

Time-dependent stress-strain curves. -When the com-
pressive creep behavior of the material is defined, isochronous
stress-strain curves shown in figure 17 can be obtained.

.
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Curves such as these, described in detail in reference 8, for
example, have been obtained from tensile-creep data by
several investigators and have been used to predict creep
behavior of columns. In the present investigation, iso-
chronous stress-strain curves are used to predict stresses
that produce creep faihre of plates with the aid of equation
.(1) in the same manner as the material compressive streas-
strain curves were used to determine maximum plate
strength. J?or example, if the 10-hour isochronous strees-
strain curve is selected, stresses that produce creep failure
of plates in 10 hours can be determined for any value of
b/t. The secant modulus. lZ, and the compressive yiolcl
stress U- originally defined in equation (1) are assumed to
be time-dependent in the manner defined by the curves of
figure 17. An example of the variation of the time-dependent
secant modulus lZJ7) with stress at 400° F is shown in
figure 18.

Predicted plate-oreep lifetime ourves,-Stresses thd
produce creep failure of plates predicted with the aid of tho
isochronous stress-strain curves and equation (1) are plottod
as dashed lines in iigure 19. The solid lines are m~erimmtal
results reproduced from figure 11. The agreement between
the experimental and predicted plate-creep lifetimes is in
general satisfactory for all values of width-thickness ratio
at each temperature.

It thus appears that, if the compressive creep behavior
of a material is established, isochronous stres.s-stiain curves
and equation (1) may provide a satisfactory means for
estimating creep lifetime of plates. Experimental platc-
creep lifetime data for other materials will, however, be
needed to establish the generality of this method.
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Concluding REMARKS

Experimental resuha from elevated-temperature stre@h
and creep tests of 2024-T3 aluminum-alloy plates supported
in V-grooves have been presented. The strength-test
results indicated that a relation previously developed for
predicting plate compressive strength for platea of all
materials at room temperature was also satisfactory for
determining elevated-temperature strength. The creep-test
results indicnte that plates with a width-thickness ratio of
20 will support a given tensile or comprcsive stress for
nearly the same time and thus suggest the possibility that
plates of other materials with low values of width-thiclm=
ratio may also have approximately equal lifetime at a given
stress for either tensile or compressive loading.

A time-temperature parameter was used to present the
results fxom the plate-creep tests. The results indicate that

the time-temperature parameter may be useful for premnting
data from creep teats of structu.m as well as data from
material creep tests. Isochronou9 strew-strain curves
obtained from plate-creep curves were used to predict
stresses that produce creep failure of the plates, The
generality of this method for predicting creep failure will,
how%ver, need to be established from additional plate-creep
tests of other materials.

LANGLEY k3RONA~CAL LABORATORY,

NATIONAL ADVISORY Co MIJITTDE FOR AERONAUTICS,

LANGLEY lhLD, VA., &@.ember 8, 1966.
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